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ABSTRACT

Objective: Based on the potential clinical and management significance of selected hematological and
serum biochemistry parameters, study aimed to establish the hematological and serum biochemistry
reference ranges for juvenile Heterotis niloticus (African bonytongue fish) a fish with significant
aquaculture potential in Africa.

Design and procedure: Hematology and serum biochemical reference ranges were determined in blood
and serum samples obtained from 243 healthy juvenile Heterotis niloticus sampled from three locations
along the Benue River and its adjoining wetlands. The reference ranges were obtained using the Shapiro
Wilk test and the guidelines of the national committee for clinical laboratory standards.

Results: Hematological reference ranges are; packed cell volume 19 — 27 %; hemoglobin concentration
3.1- 6.4 g/dL; total erythrocytes count 1.59x10°—2.92 x10° p/L; total leucocytes counts 4.97x 10° —5.40 x
103 p/L; mean corpuscular volume 113.7 — 218.7 fL; mean corpuscular haemoglobin 25.06 — 28.85 pg; mean
corpuscular hemoglobin concentration 12.61—20.27 g/dL. Serum biochemical reference ranges are; serum
glucose, 51.0—89.50 mg/dL; total protein 56.5 — 79.50 g/L; globulin 11.5—15.50 g/L; albumin 32.88 — 69.35
g/L; aspartate amino transferase 79.2 — 98.3 U/L; alanine amino transferase 24.78 — 46.0 U/L. Alkaline
phosphatase 28.75 — 57.25 U/L; creatinine 51.0 — 80.0 g/L; urea 13.1 — 17.10 mg/dL and uric acid 1.90 —
2.30 mg/dL.

Conclusion and Clinical Relevance: These data will provide clinically useful information for the diagnosis,
treatment and prognostication of intervention and or outcomes in the culture and or zootechnical
management of Heterotis niloticus in natural water bodies.

Keywords: Osteoglossiform fish, African bonytongue fish, Haematological, Serum biochemical,

Reference ranges.

1. INTRODUCTION

Fish is an important source of protein, rich in essential
amino acids and omega H3 fatty acids [1]. In rural Africa, people
depend on fish to meet their protein requirements [2] and for
this purpose a vast variety of fish species are harvested from
rivers, lakes and their adjoining wet lands [3, 4]. The African
bonnytongue fish (Heterotis niloticus, Curvier 1829) is amongst
the most highly valued fresh water fish in the West Africa inland
fisheries [5, 6].

Related to the Arapaimidae of the Amazons [7, 8]. H.
niloticus is widely distributed in the tropical rivers and
freshwater lakes of West and Central Africa [9, 10]. H. niloticus
is noted to have a high growth rate [11] and has been reported
to attain 6 kg body weight, 900 mm standard length [12]. Due
toits high degree of behavioral food plasticity, this fish has been
reported to occupy and colonize various freshwater habitats [3,
13]. In nature H. niloticus is an omnivore feeding on a wide
variety of food among which are aquatic invertebrates, aquatic
plants, seeds and detritus [1, 11]. Under culture conditions, H.
niloticus is reported to attain a body weight of 7.0 kg in 11
months [9]. Therefore, H. niloticus has been proposed as a

candidate fish species for the diversification and expansion of
aquaculture production in Nigeria (and elsewhere in West
Africa).

Hematological and serum biochemical parameters are key
clinical tools required for the diagnosis and prognostication of
health statuses under culture or natural conditions [14, 15].
Hematological assessment is a rapid approach for the
determination of the fish homeostasis, while of the fish while
serum biochemical assessments provides information on
physio-pathological changes in the organs and or systems of the
fish [16]. However, for these tools to be effective there is a need
to have a reliable set of reference values (obtained from
healthy specimens) upon which results can be compared [17,
18].

The hematological reference interval for human
populations is defined as the mean + 1.96 SD of the mean for a
normally distributed data and or values at 2.5 and 97.5
percentiles for non-normally distributed values [19]. Tavareas-
Dias and Moraes defined the reference interval by the upper
and lower limits of 75™ and 25" percentile values obtained
from a reference population that meets certain set criteria such
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as age, sex and absence of disease conditions [16]. Some
reports have advised the substitution of the term ‘reference’,
‘standard’ and or ‘normal’ interval with ‘physiological range’ (a
term with a wider limit of normality) when dealing with aquatic
organisms [20]. These reports further opined that the
substitution is necessitated by the poikilothermy exhibited by
fishes and the strong dependence of the
physiological/metabolic processes of aquatic organisms on
extrinsic factors such as physico-chemical parameters of the
water.

The hematological and serum biochemistry reference
intervals have been established for some fish species under
intensive culture and a few others under natural conditions;
including Cyprinus capio [15], Rhamdia quelen [21], Ictalurus
punctatus [16], Synodontis membrananacea [22], Clarias
gariepinius [14]. As the culture of H. niloticus continues to
increase and intensify, it is expected that there would be an
increase in the incidence of disease and or nutritional problems
in the farming of this fish species [23, 24]. A situation that may
necessitate veterinary clinical interventions [25]; hence the
need to have a robust set of haematological and serum
biochemical reference data upon which such diagnostic,
therapeutic and or prognostic decisions may be evaluated [25].
Asides from the reports of [1, 26, 27] that dwelled essentially
on some hematology of H. niloticus, there is a paucity of
information on the hematology and serum biochemical ranges
of H. niloticus. Hence, due to the increasing importance of H.
niloticus to aquaculture and freshwater fisheries management
in West Africa, there is a crucial need to determine the
hematological and serum biochemistry reference interval for
this fish. In this report, we present important clinical pathology
reference data for juvenile African bonytongue fish.

Two hundred and forty three juvenile H. niloticus fish were
used for this study.

2.1. Fish and sample preparations

Fish and sample preparations: Fish were sampled
bimonthly between July 2018 and August 2019 from the Lower
Benue River basin using seine nets. 128 juvenile H. niloticus
were sampled from Site 1 (Benue River 7°44’' N, 8°32' E); 63
juvenile H. niloticus sampled from Site 2 (8°26'N, 10°05'E) at the
discharge of Wase river into the Benue River and 52 juvenile H.
niloticus fish from sampling Site 3 (7°59'N, 7°55E) at the
Discharge of the Mada river into Benue River (Figure 1).

To ensure collected fishes were analyzed under
approximately the same environmental conditions, all fish
samples were collected in a single catch at same time of the day
during sampling trips. Environmental conditions in all sampling
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sites were deemed to be similar (depth >2 m and <5 m; water
temperature 28.84 to 29.16 °C). An average of six water
samples were obtained per site. Captured fish appeared
healthy (weighed 405 — 530 g, total length 35.5 - 61.0 cm and
swam aggressively). Following capture, fish were sedated in
buffered MS 222 (250 mg/L) for 10 to 15 minutes as described
[28] and screened for the presence of lacerations, parasites and
disease-causing organisms following the methods of [25] and
[29]. Then, 4 ml of blood was collected per fish (using a 5 ml
syringe and 19-gauge needles) via caudal vein puncture. The
collected blood was shared into two aliquots. The first aliquot
was place in tubes (previously moistened with 10 % EDTA
solution) and utilized for hematological evaluations and the
other portion were placed into clean narrow bored glass test
tube (where they were allowed to clot for about an hour at
room temperature). The test tubes containing the clotted blood
were then centrifuge at 18187 x g and the clear serum eluted
(and stored at -20 °C) for use in serum biochemical evaluations.
Due to the absence of distinct external genitalia, the sampled
fishes could not be separated into distinct sexes.

2.2. Water Analysis

Water samples were obtained from the sampling sites at
about the same periods of the day and analyzed according to
the methods of Boyd and Tucker [30]. Temperature, dissolve
oxygen, pH and conductivity were measured in triplicate
samples. Values obtained for water quality parameters are
temperature: 29.15 £+ 0.61; 10.56 + 0.15 mg/dL: pH; 8.05 + 0.01
and conductivity; 497.7 £ 0.9 uS/cm (these values are within the
acceptable water quality parameter ranges in freshwater
fishes).

2.3. Hematological evaluations

Erythrocytes and leucocytes enumerations was achieved
by the aid of the Neubaeur counting chamber using the Natt
and Herrick and the white blood cell dilution fluid respectively
according the methods Campbell [31]. The number of cells
obtained from the erythrocytes enumerations were multiplied
by 10,000 to obtain the total number of erythrocytes per
microliter of blood. And the number of leucocytes obtained
from the leucocytes enumerations were multiplied by 50 to
obtain the total leucocytes count per microliter of blood [16].

Hemoglobin concentration was determined
spectrophotometrically using the cyanomethaemoglobin
method [31]. Packed cell volume was determined by the micro
hematocrit method [32]. And the erythrocytic indices were
determined mathematically, as described by Campbell [33].

2.4. Serum biochemical analysis

Clinical biochemistry analysis was performed to obtain
serum concentrations of glucose, total protein, albumin, urea,
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uric acid, creatinine kinase and serum activities of alkaline
phosphatase and the transaminases on the serum obtained
from the blood samples using a multichannel automatic
chemistry analyzer (Chemwell 4800, Awareness Technology FL.
USA) and Dialab clinical chemistry colorimetric diagnostic kits
(Dialab Produktion Astria) following the manufacturer’s
instructions. Globulin was obtained mathematical by the
deduction of values obtained for albumin from values obtained
for serum total protein [23].

2.5. Data Analysis

Results obtained for the hematological and serum
biochemistry assessments were tested for normality using the
Shapiro Wilk test. The measurements of central tendencies
(mean, mode, median) and dispersion (standard error, range,
interquartile range) and other point estimates (1% and 3™
quartiles) were calculated for all parameters. Statistical
evaluations were carried out on non-normally distributed
parameters using their corresponding non-parametric methods
[34]. Reference intervals were defined according to the

guidelines for the National Committee for Clinical Laboratory
Standards [35] and [36]; as values between the first and the
third quartiles. Data analysis was performed using SPSS version
20 software (SPSS Inc. Chicago IL, USA).

3. RESULTS
3.1. Hematology

Results obtained for the hematological assessments of
juvenile Heterotis niloticus collected from sampling site 1 are as
presented in Table 1. It shows the packed cell volume (PCV) in
juvenile Heterotis niloticus ranged between 17.0 and 31.0 %
with an interquartile range of 8.0 %. The erythrocytes count
ranged between 1.59 x 10° and 3.04 x 10° /L of blood with an
interquartile range of 1.59 x 10° p/L. The derived erythrocytic
indices for juvenile Heterotis niloticus are as follows; the mean
corpuscular volume (MCV) ranged between 102.1 fL and 265.6
fL. In addition, the mean corpuscular hemoglobin concentration
(MCHC) ranged between 11.77 g/dL and 23.13 g/dL with an
interquartile range of 7.66 g/dL.

Table 1. Hematological reference interval of juvenile Heterotis niloticus sampled from site 1.

IQR 1stQuantile

3rd Quantile

Parameters Standard Mode Range
Deviation
PCV (%) 23.19 4.580 17.00 14.00
HB (g/dL) 4.606  1.683 6.80 5.40
RBC (106 /L) 2.12 0.75 0.64 2.57
1.49
1.74
WBC (103 /L) 5.181 0.264 5.07 0.85
MCV (fL) 171.2 55.45 102.7 163.5
184.7
265.6
MCH (Pg) 27.15 2.5 26.04 7.21
26.66
27.04
MCHC (g/dL) 17.08 3.82 23.13 11.36

8.00 19.00 27.00 17.00 31.00
3.10 3.10 6.40 2.00 7.40
1.32 1.59 2.92 0.64 3.04
0.435 4.97 5.40 4.80 5.65
1049 113.7 218.7 102.1 265.6
3.79 25.06 28.85 23.7 30.91
7.66 12.61 20.27 11.77 23.13

IQR, inter quartile range; Min, minimum value; Max, maximum value; PCV, packed cell volume; HB, hemoglobin concentration; RBC, total erythrocytes count; WBC,
total leucocytes count; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.

Table 2 shows the results obtained for serum biochemistry
assessments of H. niloticus sampled from sampling site 1. It
shows the mean serum glucose concentration to be 71.94
mg/dL with an inter quartile range of 38.5 mg/dL and a
minimum and maximum serum glucose concentration of 35.0
and 109.0 mg/dL respectively. Further, the serum total protein
concentration of H. niloticus sampled from Site 1 had a mean
value of 68.87 g/L with the first and second quartile values of
56.0 and 79.5 g/L respectively. Table 2 also shows the mean
serum aspartate amino transferase (AST) activity to be 88.27
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U/L with a range of 52.1 U/L and an interquartile range of 19.1
U/L. The mean serum urea concentration for fish sampled from
this site is 2.15 mg/dL with minimum and maximum serum urea
concentrations of 1.8 and 2.7 mg/dL respectively.

Table 3 depicts results obtained for the hematological
assessments of juvenile Heterotis niloticus obtained from
sampling sites 2 and 3. It shows the range for the packed cell
volume is 15.0 % and the minimum and maximum packed cell
volume is 18.0 % and 33.0 % respectively.
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Table 2. Serum biochemistry interval of juvenile Heterotis niloticus sampled from site 1.

Parameters Standard Mode

Deviation

Glucose (mg/dL) 71.94 19.84 49.00
Total Protein (g/L) 68.87 18.52 100.0
Globulin (g/L) 13.25  2.058 16.00
Albumin (g/L) 51.35 20.49 23.00
86.8
AST (U/L) 88.27 1.873 93.00
100.0
ALT (U/L) 33.99 12.07 50.00
ALP (U/L) 42.85 16.79 54.00
CRT (umol/L) 65.75 13.87 43.0
80.0
81.0
UREA (mg/dL) 14.91 2.01 12.6
13.1
UA (mg/dL) 2.151 0.269 1.90

84.00
64.00
7.10

63.80

52.1

39.00

56.00

46.00

6.00

0.90

IQR 1stQuantile 3 Quantile

38.50 51.00 89.50 35.00 109.0
23.00 56.50 79.50 39.00 103.0
3.65 11.50 15.50 9.00 16.10
36.48 32.88 69.35 23.00 86.8
19.1 79.2 98.3 51.9 104.0
21.23 24.78 46.0 14.00 53.00
28.50 28.75 57.25 10.00 66.00
29.00 51.00 80.00 43.00 89.00
4.00 13.10 17.10 12.00 18.00
0.40 1.90 2.300 1.800 2.700

IQR, inter quartile range; Min, minimum value; Max, maximum value; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase;

CRT, creatinine; UA, uric acid.

Table 3 also shows the range for erythrocyte counts to be
2.61 x 10° p/L of blood and the mean leucocytes counts to be
5.26 x 10° p/L of blood with an inter quartile range of 0.35 x 10°
u/L of blood. The range for the mean corpuscular volume is
163.5 fL with a first quartile and second quartile values of
102.75 and 205.65 fL respectively.

3.2. Serum biochemistry

Serum biochemistry assessment of H. niloticus sampled
from sampling site 1 are presented in Table 2. It shows the
mean serum glucose concentration to be 71.94 mg/dL with an
inter quartile range of 38.5 mg/dL and a minimum and
maximum serum glucose concentration of 35.0 and 109.0
mg/dL respectively. Further, the serum total protein
concentration of H. niloticus sampled from Site 1 had a mean.

Value of 68.87 g/L with the first and second quartile values
of 56.0 and 79.5 g/L respectively. Table 2 also shows the mean
serum aspartate amino transferase (AST) activity to be 88.27
U/L with a range of 52.1 U/L and an interquartile range of 19.1
U/L. The mean serum urea concentration for fish sampled from
this site is 2.15 mg/dL with minimum and maximum serum urea
concentrations of 1.8 and 2.7 mg/dL respectively. The results
obtained for the serum biochemical assessments of fish
sampled from sites 2 and 3 are as shown in Table 4. It shows the
mean serum glucose concentration to be 80.44 mg/dL with a
minimum and maximum value of 44.0 mg/dL and 101.0 mg/dL
respectively.

Mansoura Vet Med J 22:2 (2021) 82-90
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Figure 1. Benue River Basin showing sampling sites along the Benue River basin.
Sampling site 1 (S1) (7°44’N, 8°32’E) Benue River. Sampling site 2 (S2) (8°26'N,
10°05'E) Discharge of Wase river into the Benue River and Sampling site 3 (S3)
(7°59'N, 7°55'E) Discharge of the Mada river into Benue River. Source google
maps 2019.
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Table 3. Hematological Reference interval of juvenile Heterotis niloticus sampled from site 2 and site 3.

Parameters Mean Standard Mode Range
Deviation

PCV (%) 26.62 4.66 27.00 15.00

HB (g/dL) 4.61 1.91 2.80 5.10
3.40
3.60

RBC (106 /L) 2.51 0.60 2.00 2.61

WBC (103pu/L) 5.26 0.34 5.07 1.43
5.40

MCV (fL) 152.6 63.04 256.6 163.5

MCH (Pg) 16.52 2.862 12.53 7.66
12.68

MCHC (g/dL)  27.23 1.786 23.95 6.95
24.68

o]} 1stQuantile 3" Quantile Min

5.50 24.0 29.50 18.00 33.00
4.05 3.0 7.05 2.30 7.40
0.80 2.01 2.81 1.49 4.10
0.35 5.05 5.40 4.88 6.31
102.9 102.8 205.7 102.1 265.6
6.72 13.32 20.04 12.53 20.91
3.30 25.04 28.34 23.95 30.90

IQR, inter quartile range; Min, minimum value; Max, maximum value; PCV, packed cell volume; HB, hemoglobin concentration; RBC, total
erythrocytes count; WBC, total leucocytes count; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean

corpuscular hemoglobin concentration.

Table 4. Serum biochemical reference interval juvenile Heterotis niloticus sampled from site 2 and site 3.

IQR 1stQuantile 3" Quantile

17.00 79.00 96.00 44.00 101.0
23.50 56.00 79.50 41.00 98.00
3.29 12.31 15.60 10.50 16.00
33.05 48.10 81.15 23.00 85.90
13.10 89.90 103.0 78.00 104.0
23.30 26.7 50.0 16.00 65.00
16.00 45.00 61.00 33.00 73.00
13.50 64.00 77.50 53.00 87.00
4.50 13.00 17.5 11.23 19.40
0.80 2.2 3.00 1.80 3.40

Parameters S ENLET
Deviation
Glucose 80.44 18.29 83.00 57.00
(mg/dL)
Total Protein 68.06 16.97 63.0 57.0
(g/L) 79.0
Globulin (g/L) 13.72 1.83 16.00 5.50
Albumin (g/L) 65.49 19.41 23.00 62.90
40.5
49.1
AST (U/L) 93.46 8.57 103 26.00
93
ALT (U/L) 37.14 15.22 16 49.00
24.1
ALP (U/L) 53.31 11.19 49.0 40.00
CRT (umol/L) 70.92 9.194 69.74 34.00
UREA (mg/dL) 15.02 2.79 13.6 8.17
UA (mg/dL) 2.55 0.50 2.2 1.60
2.3

IQR, inter quartile range; Min, minimum value; Max, maximum value; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

ALP, alkaline phosphatase; CRT, creatinine; UA, uric acid.

Table 4 further shows the serum albumin concentration of
these fishes to have a range of 5.50 g/L with an interquartile
range of 3.29 g/L. In addition, the mean serum alkaline
phosphatase (ALP) activity is 53.31 U/L with minimum and
maximum value of 33.0 U/L and 73.0 U/L respectively. The
mean serum urea concentration for fish obtained from this site
is 15.02 mg/dL with a range of 8.17 mg/dL and an interquartile
range of 4.50 mg/dL.
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4. DISCUSSION

Hematological and serum biochemical assessments are
valuable tools in the clinical decision-making processes; as
changes in these values may be used as indicators of the
presence or absence of disease processes, nutritional
abnormalities or environmental inadequacies [17, 24, 25].
However, to arrive at a clinical decision based on hematology
and serum biochemistry assessments, there is the need to
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establish species-specific data for the purpose of comparisons.
Although there is a growing database of reference
interval/ranges for several farmed fish species, there is
however, a paucity of information on the hematology and
serum biochemistry reference ranges for H. niloticus. We could
not separate the sampled fish along sex lines, as there were no
distinctive external genitalia similar to the report in Arapaima
gaigas [37, 38]. In this report, we present data obtained from
243 clinically healthy juvenile H. niloticus sampled from pristine
locations in the Lower Benue River basin.

The packed cell volume (pcv) is one of the most common
diagnostic tool used to evaluate the quantity of erythrocytes.
This value (expressed as a percentage) represents the
concentration of erythrocytes per unit volume of blood. Stress
(handling, capture, increased activity levels), age/size of fish,
and plain of nutrition as well as extrinsic factors (water
temperature, dissolved oxygen concentration) have been
reported to influence the packed cell volume in the blood of
fishes. The pcv in teleost is reported to range from 20.0 % to
45.0 % [39]. In the present study, pcv of H. niloticus ranged from
17.0 % to 33.0 %. Although, the values reported by [1] and [26]
for H. niloticus falls within this range, it is however lower than
the range (31.0 % to 38.5 %) reported for Arapaima gigas [37].
The differences in the pcv ranges may be attributable to the
species variation and or plane of nutrition, as the data in A.
gigas were obtained from fish under intensive culture with a
presumably better nutritional status.

The hemoglobin concentration is a measure of the
hemoglobin contained per unit erythrocyte. It is a reflection of
the oxygen carrying capacity of the erythrocytes. It is reported
that the hemoglobin concentration in most fish species to range
from 5.0 - 10.0 g/dL [39]. In the present report, H. niloticus had
a hemoglobin concentration with a range of 2.0 - 7.0 g/dL with
a calculated reference range of 3.1 - 6.4 g/dL. These values are
similar to those reported for H. niloticus sampled from Western
Nigeria [26], but lower than values reported for Arapaima gigas
[38].

The total erythrocytes counts is an estimate of the number
of red blood cells present in a unit volume of blood. In the
present report, the total erythrocytes count in H. niloticus range
from 1.59 x10° to 2.92 x 10° /L of blood. This range is not
significantly different from values reported for H. niloticus
sampled from the Anambra River [27], but significantly higher
than values reported for A. gigas [38]. The total leucocytes
counts obtained for H. niloticus in this report ranges from 5.97
x 103 to 5.40 x 103 p LY of blood compared with 14 x 103 p/L to
18 x 10° /L of blood reported in A. gigas [38].

The erythrocytic indices (mean corpuscular volume, mean
corpuscular hemoglobin and the mean corpuscular hemoglobin
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concentration) are clinically relevant parameters derived
mathematically from the values obtained for the total
erythrocyte count, the packed cell volume and the hemoglobin
concentration. Together, these values describe the nature and
categories of anemias [33]. Montero et al., [39] reported the
mean corpuscular volume (mcv) in teleost ranges from 150 to
350 fL and the mean corpuscular hemoglobin (mch) ranges
from 30 to 100 pg while the mean corpuscular hemoglobin
concentration (mchc) ranges from 18 to 30 g/dl. In the present
study, the reference ranges obtained for mcv and mch are
102.75 fL to 218.7 fL, and 13.32 pg to 28.85 pg respectively,
while the mchc values range from 12.61 to 28.34 g/dl. The mcv
values in this study are within the ranges reported for teleost,
while the mch and mchc values are lower than those reported
for teleost [39]. Further, the mcv ranges in this study is
significantly higher compared with the range reported for A.
gigas another obligate air breathing fish species [38]. The
reason for this variation may be attributable to the effects of
extrinsic factors (water temperature and dissolved oxygen
content) and intrinsic factors such as species-specific variations
(age, genotype and gender of the fish).

4.2 Serum biochemistry

Glucose is an important metabolic fuel needed for the
proper functioning of energy dependent processes of the brain,
heart, muscles, gut, gonads and the erythrocytes. Glucose is
mobilized following perturbations in physiological and or
environmental conditions [40, 41]. In a review on
carbohydrates metabolism in fishes [42] reported that
increases in  blood glucose concentration (termed
hyperglycemia) occurs as a result of seasonal osmoregulatory
changes, presence of stressors and or shifts in diets
compositions, whereas decreases in blood glucose
concentrations (termed hypoglycemia), are a product of food
deprivations and or environmental perturbations (crowding
stress and or hypoxia). In the present study, 51.00 to 89.5 mg/dI
was obtained as the reference range for serum glucose
concentration. This range is above the upper limits of those
reported by [1] but like the values reported for H. niloticus [26]
and [27]. Further, these values are also lower than the range for
serum glucose concentration reported for Arapaima gigas [38].
The variations in the serum glucose concentrations obtained in
this study compared to the cited studies may be a result of the
differences in carbohydrate metabolism, age differences and
species variations in the various studies [42].

The serum total protein concentration provides a
critical information reflecting the functional statuses of various
organs and or systems [32, 43]. The serum total proteins help
maintain colloid osmotic pressure, serves as catalyst in
biochemical processes [41] and plays a significant role in the
production of fibrin polymers needed for blood clot formation
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[24]. Serum total protein concentration are increased in
hemoconcentration and or dehydrations, and reduced in cases
of malnutrition, hepathopathies and specific protein
undernutrition [41, 44]. The serum total protein concentration
reported in H. niloticus sampled from Anambra River [27] and
from the South Western Nigeria [26] are within the reference
ranges (56.6 to 79.5 g/L) obtained in the present study; these
reference range is also similar to values reported in A. gigas
[38].

Serum albumins are produced in the liver. Therefore, the
synthetic capacity of the liver (which is an estimate of the
protein losing nephropathy) may be estimated by the
determination of the serum albumin concentration [44].
Reduced serum albumin concentration (termed
hypoalbuminemia) is observed in situations of malnutrition,
increased protein catabolism, enteropathy and in chronic
nephropathy [41]. The 11.5 to 15.5 g/L obtained as the serum
albumin reference range in this study is in agreement with the
values previously reported for H. niloticus [26, 27].

The hepatic enzymes (transaminases and alkaline
phosphatase), are used routinely in clinical evaluation of
disease processes [45]. These enzymes are synthesized in the
liver and in hepatocellular or cholestatic liver injuries, these
enzymes are liberated into the serum. In hepatopathies such as
seen in hepatocellular degenerations, aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) are
liberated in the serum; while alkaline phosphatase (ALP) is
liberated into the serum in hepatic cholestasis [41, 45]. The
pathogenesis of hepatic diseases in teleost are reported to be
associated with viral hepatitis, parasitic infections and or
mechanical injuries [40]. Further, due to the large functional
reserves of the liver, hepatic failures may not become apparent
up until 70 % of the functional capacity of the liver is
compromised [24]. In the present report, the AST values range
from 51.9 to 104.0 U/L with a calculated reference range of 79.2
to 98.3 U/L while the ALT values range from 14.0 to 53.0 U/L
with a calculated reference range of 24.78 to 46.0 U/L. The
reference range for ALP in this report is 28.75 to 57.25 U/L.
These values, except for the values of alkaline phosphatase are
similar to the values reported for H. niloticus sampled from the
Anambra River [27]. Further, the values obtained for AST, ALT
and ALP are within the range of values reported for A. gigas a
closely related facultative air breather [46].

Creatinine is an important moiety in muscle metabolism.
Through the synthesis of phosphocreatinine, serum creatinine
provides a storage for high-energy phosphates. Serum
creatinine concentration is increased significantly by skeletal
muscle necrosis and or atrophy as well as in chronic
nephropathy [25]. In the present study, the reference range for
serum creatinine is 51.0 to 80.0 pmol/L with minimum and
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maximum values of 43.0 and 89.0 umol/L respectively. For the
purposes of a comparative evaluation with the data obtained in
the present study, we could not find previously reported values
of serum creatinine concentrations in H. niloticus. The range
obtained for serum creatinine concentration in the present
study is however consistent with the values reported for A.
gigas a closely related fish species [8, 38].

Generated in the liver via the urea cycle, urea nitrogen is
the product of protein and or amino acids metabolism. The
blood urea nitrogen is a critical tool in the clinical assessments
of renal function [25]. Decreased blood urea nitrogen
concentrations is observed in hepatic insufficiencies and in
cases of malnutrition while increased blood urea nitrogen
concentration is commonly reported in renal disease, shock and
in cardiac insufficiencies [47]. Uric acid is a waste product of
purine metabolism that plays a role in several biological
processes. Uric acid is both a powerful antioxidant, which under
specific conditions serves as a pro-oxidant giving rise to an
increase in free radicals, endothelial vascular dysfunction and
changes in nitric oxide production. Serum uric acid
concentrations are an easily available and cheap markers of
several co-morbidities associated with cardiovascular diseases
[25]. The reference range obtained for urea nitrogen and uric
acid in the present study are 1.90 mg/dL to 2.30 mg/dLand 13.1
mg/dL to 17.1 mg/dL respectively. In addition, as mentioned for
creatinine, there are no reported data or reference ranges for
these analytes in H. niloticus. However, a comparison of the
data obtained in the present study with that reported for A.
gigas shows there are no variations in the values obtained for
urea nitrogen and uric acid in these two related facultative air
breathing fish species.

The results obtained for the hematological and serum
biochemical assessments from sampling site 2 (discharge of
Wase river into River Benue), were not significantly different
from those obtained from site 3 (discharge of Mada river into
River Benue). The reason for this may be a result of the absence
of agricultural activities in these two sites. Hence, it can be
deduced that the values obtained in fishes sampled from site 1
may be a result of stress following the exposure of the fishes to
agricultural chemicals and other anthropogenic perturbations
that may be present in these sites. Results obtained from sites
2 and 3 were therefore, collated as results from a single site.
Further, the results obtained for sampling site 1 and the other
two sampling sites (i.e. sampling sites 2 & 3) reveals there were
no variations in the values obtained for hemoglobin
concentration, total leucocytes count and the Mean
corpuscular volume (MCV). These values are 2.00 g/dL to 7.40
g/dL, 4.80 x 10° /L to 6.31x10% u/L and 102.1 fl to 265.6 fl
respectively. While the ranges obtained for packed cell volume
(PCV), total erythrocytes counts, mean corpuscular hemoglobin
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(MCH) and mean hemoglobin concentration (MCHC) are 17.0 %
to 33.0 %; 0.64 x10° p/L to 4.10 x10° u/L; 23.70 Pg to 30.91 Pg
and 11.77 g/dL to 30.90 g/dL respectively.

As was observed in the hematological results, there were
no variations in the values obtained for some serum
biochemical parameters namely: serum globulin concentration,
albumin concentration and uric acid concentration in
comparisons of sampling site 1 and sampling sites 2 and 3.
Hence, the reference ranges for serum globulin, albumin and
uric acid concentration are 9.00 g/L to 16.10 g/L; 23.00 g/L to
86.8 g/L; 1.80 mg/dL to 3.40 mg/dL respectively.

The reference ranges for serum glucose and serum total
protein concentration are 35.0 mg/dL to 109.0 mg/dL and 39.0
g/L to 103.0 g/L respectively. While the reference ranges for
serum activities of aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, serum creatinine and
serum urea concentrations are; 51.9 U/L to 104.0 U/L; 14.0 U/L
to 65.0 U/L; 10.0 U/L to 73.0 U/L; 43.0 umol/L to 89.0 umol/L
and 11.23 mg/dL to 19.40 mg/dL respectively.

The reference values obtained in the present study could
not be defined in the line of gender as the sampled H. niloticus
could not be identified as males or females due to the absence
of distinct external genitalia for either sex as was previously
reported in Arapaima gigas a related ostheoglossiform fish.
Further, due to a paucity of health data for H. niloticus, the
results obtained in this study were vigorously compared with
results reported for Pirarucus (Arapaima gigas Schinz, 1822)
the only other extant osteoglossiform fish for which has been
established hematology and serum biochemical reference
intervals [38].

5.0 Conclusions

In this study, we present the haematological and serum
biochemical reference ranges for Heterotis niloticus sampled
from the Benue River Basin. The application of this data set may
aid in the accelerated resolution of the etiologies of mortalities
encountered in previous attempts at the culture of this fish
species and the prognostication of the effects of
management/conservation efforts of H. niloticus in freshwater
fisheries of Nigeria.
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